891 892 SALAZAR-MONTOYA, JIMÉNEZ-AVALOS, AND RAMOS-RAMÍREZ absorbs 50-90% of oil in weight; the use of soy proteins allows to reduce the fat content and increase the protein concentration in a large variety of meat products. [11] GA is soluble in water and forms dispersions with concentrations of up to almost 50% (w/v) that show Newtonian behavior. [5, 12] It is a polysaccharide of natural origin that is extracted from trees of the Acacia genus, of which there are more than 700 species. GA as an exuded is principally obtained from the trees Acacia senegal, Acacia seyal, Acacia laeta, and Acacia tragacanthum; [13] it is a food additive approved by the "Codex Alimentarius" [14] and is used in the food industry because of its properties as a stabilizer and emulsifier. [15] Currently, its contribution as a dietary fiber is being discussed. [16] In 1990, the FAO [17] introduced descriptive criteria for gum arabic stating that it should come from Acacia senegal or other species of Acacia, its optical rotation should be between -26 and -34 • and its nitrogen content between 0.27 and 0.39%.
INTRODUCTION
Food contains important macromolecules, polysaccharides, and proteins among other elements, with characteristic functional properties; [1, 2] while polysaccharides act as stabilizers in the aqueous phase, proteins act as an active surface and also play an important role in the stabilization of emulsions. [3, 4] Gum arabic (GA) is a polysaccharide commonly employed in emulsions because of its physical properties, [5, 6] and soy proteins are mainly used incorporated into textured foods and shredded meat products. [7, 8] The soy proteins promote the absorption and retention of fat and it has been reported [9, 10] that isolated soy parameters of viscoelastic behavior; in other terms, the storage modulus (G ), loss modulus (G ), and phase angle (tan δ) for dispersions of GA, SP, and their GA/SP mixtures. Gum arabic of alimentary quality was employed (Farmacia París, México City, México). The gum contained 11.52% moisture, 83.94% carbohydrates, 1.39% proteins, 2.81% ash, and 0.34% fat. Soy protein (Protein Technologies International, St. Louis, MI, USA) consisted of 7.08% moisture, 89.76% protein, 3.04% ash, and 0.12% fat.
Preparation of the Dispersions
GA dispersions at 15, 25, 35 , and 45% (w/v) concentrations, and SP dispersions at 1, 3, 5, and 8% (w/v) concentrations were prepared with distilled water on a hot plate stirrer model 524C model (Barnstead Int., IA, USA) with vigorous stirring for 15 min at 25 • C. The samples were left to rest for 24 h at 4 • C, prior to analysis. Likewise, dispersions of the GA/SP mixtures were prepared at concentrations from 15 to 45% of GA and up to 8% of SP, depending on the description of individual dispersions, firstly incorporating the SP and then the GA at a slow rate, in order to avoid lump formation and to obtain the most homogenous possible systems. Then the dispersions were left to stand at 4 • C for 24 h prior to duplicate rheological determinations.
Rheological Study of Flow Behavior
Rheological determinations of simple shear flow were done at 25 • C ± 0.1 in a concentric cylinder viscometer RV2 (Haake, Karlsruhe, Germany). The used geometries were MVI for intermediate viscosities (50 -1.0 × 10 4 mPa.s) of 20.04 mm radius and 60 mm length; the SVI geometries for high viscosities (300 -1.0 × 10 5 mPa.s), of 10.1 mm radius and 61.4 mm length. The determinations were carried out at shear rates between 0 and 2000 s -1 and the rheograms for shear stress (σ ) vs. shear rate (γ) were obtained. The data were analyzed using standard software "Rotational C" PG 140 (Karlsruhe, Germany) with a viscometer for obtaining rheological parameters of the Ostwald de Waele model and apparent viscosity (η ap ).
Dynamic Rheological Test
Determinations were carried out at 25 • C ± 0.1 in a stress-controlled rheometer LS100 Paar Physica (Stuttgart, Germany) connected to a power source and fitted to a water-recycling bath Julabo F10 (Stuttgart, Germany). The geometry was DG1 with a diameter of 48.0 mm, 36.0 mm in length, for shear rates between 1.22 × 10 -4 and 2.45 × 10 3 s -1 and shear stress between 6.37 × 10 -3 and 6.37 × 10 1 Pa. For calculation of the dynamic parameters, the Paar Physica software version 2.06-E was used. An amplitude scan was performed to determine the linear viscoelasticity region (LVR), which is obtained when the storage modulus (G ) and the loss modulus (G ) become independent of amplitude. [5, 29, 30] Subsequently, a frequency scan was performed within the 6 to 60 rad s -1 interval to determine the behavior of elastic and viscose components related to oscillation frequency.
Statistical Analysis
Variance analysis was performed on all data obtained from the storage modulus (G ) and loss modulus (G ) as a function of the concentration of gum arabic (GA), soy protein (SP), as well as mixtures thereof; with a statistical difference of α = 0.05 using Design Ease ver. 6.0 for windows (Stat-Ease, Inc., MN, USA)-software for design of experiments. The null hypothesis proposes, that at average level, G and G were equal regardless of the concentration. The calculated F was compared with the theoretical F. [31] Figure 1a presents the behavior of GA at concentrations of 15 to 45% (w/v). The GA dispersions showed Newtonian behavior except at 45% where they showed non-Newtonian behavior of shear thinning type. Similarly, the SP dispersions at concentrations of 1 to 8% (w/v) ( Fig. 1b ) showed non-Newtonian behavior of shear thinning type. Mothe and Rao [32] obtained values for the index of flow behavior between 0.150 and 0.750 with GA dispersions at concentrations of 4 to 50% using the Sisko model and these showed non-Newtonian behavior. Sanchez et al. [12] found non-Newtonian behavior of shear thinning type in GA dispersions at concentrations of 3 to 32%, at a shear rate of 100 s -1 . In this study, Newtonian behavior was observed for GA dispersions. This difference may be due to the fact that determinations were done at high shear rates, where Newtonian behavior was reported at concentrations higher than 10%. [33] In addition, the source of GA, its purity, and the method of preparation of dispersions may also have influenced results. [5] Shear stress (Pa) GA/SP = relationship gum arabic/soy protein; η ap = apparent viscosity; K = consistency coefficient; n = flow behavior index (dimensionless). Table 1 shows the rheological parameters according to the Ostwald de Waele model, with GA/SP mixtures at different concentrations. The viscosity of mixtures increased up to 239%, compared with the GA dispersions (374 mPas and 1269 mPas to 45% of GA and GA/SP [45/8%], respectively). Viscosity of these mixtures was higher than for GA dispersions at low concentrations of GA and SP (16 mPas (15/0%) and 10 mPas [0/1%] respectively) with increases in viscosity of 75%. As the concentration of GA in the mixtures rose (from 15 to 45%) the viscosity of the mixtures increased (4432%). This may have been due to a synergic effect with the SP, to an increase in concentration is increased and to possible GA-SP interactions.
RESULTS AND DISCUSSION

Behavior of Flow Dispersions
EFFECTS OF GUM ARABIC AND SOY PROTEINS ON DISPERSION 895
Independently of GA concentration, the values of the consistency coefficient (K) increased as SP concentration rose, from 8 mPas n for GA/SP 15/1 up to 2132 mPas n for GA/SP 45/8; while the values for flow behavior index (n) for mixtures with 15% GA showed values near to 1, indicating that the dispersions behaved as Newtonian fluids, in contrast to the GA/SP (15/1%) mixture whose n value was more distant from 1. Concerning the GA mixtures at 25, 35, and 45%, n values were obtained of up to 0.775, indicating that these were systems with non-Newtonian behavior of the shear thinning type. Berli et al., [25] reported non-Newtonian behavior of the shear thinning type for SP dispersions with 9.1% (w/w), using the Cross model to obtain rheological parameters; Puppo et al. [34, 35] found the same behavior as Berli et al. [25] in SP dispersions structurally modified by thermal treatment and acidification, as well as in emulsions prepared from SP and maize oil. The results from these authors agree with the present results concerning SP dispersions. 2a and 2b) , obtaining values close to 600 Pa for the elastic component (G ) in the SP dispersion at 8%, about three times the amount of stress for dispersions with 45% GA. In relation to mixtures GA/SP, depending on the concentration of GA and SP, and lower stress values, about 90% of the mixtures had the highest concentrations of GA and SP (Fig.  2f ). The linear viscoelasticity region is obtained when the storage modulus (G ) and the loss modulus (G ) are independent of amplitude. [29, 30] Previous studies of gum arabic/maize starch (GA/MS) mixtures [5] have shown a similar tendency when the concentration of GA is increased. However, torque amplitude becomes approximately three to four times greater as maize starch concentration increases (MS); thus, it is probable that the presence of starch influences the behavior of the GA/MS mixture. Figure 3 presents the behavior of the dynamic moduli as they relate to frequency (ω). In the mixtures containing GA/SP at 15 and 25% of GA ( Figs. 3a and 3b ; Figs. 3c and 3d, respectively) added with 0, 1, 3, 5, and 8% of SP, the storage modulus (G ) represents the elastic component (energy temporarily stored in the material) and the loss modulus (G ), represents the viscose component (energy used to activate the flow and which is dissipated and transformed into heat). The figure shows that G ( Figs. 3a and 3c) increased by approximately two logarithm cycles, approximately 83.33 to 100.00 times, as the frequency in the studied mixtures increased. The exception was the GA/SP 15/8% mixture, where in a frequency of 11 rad s -1 , less dependence of the elastic component (G ) on the frequency was observed. Whenever frequency exceeded (20 rad s -1 ) in mixtures with 15% of GA (Figs. 3a and3b),thedispersionbehaviorwasmoreelasticthanviscose(G >G ),showingaviscoelastic behavior with a predominant elastic component, once more with the exception of the GA/SP (15/8%) mixture, where the gum protein system was more viscose than elastic (G > G ), probably due to an antagonistic effect caused by the high soy protein concentration. A similar behavior has been observed in aqueous systems containing starch/galactomannans [36] as well as in mixtures of gum arabic/maize starch. [5] The loss modulus G (Figs. 3b and 3d ) increased in relation to increasing SP concentration in mixtures with 15 and 25% of GA. In 15% of GA dispersions without SP, the G value was similar to that of the 15/1% GA/SP mixture, while the 25% GA dispersion without SP had a higher G value than that of the GA/SP (25/1%) mixtures, suggesting a possible antagonistic effect of SP. This situation was also observed in the flow behavior of GA/SP mixtures (data not shown). The 25% GA mixtures showed viscoelastic behavior of a predominantly elastic character (G > G ) only when SP concentrations were less than 5% (Fig. 3d ), and when frequencies were above 15 rad s -1 . The dynamic moduli (G and G ) were strongly dependent on frequency, particularly G , which increased along the study interval from 6 to 60 rad s -1 by approximately three logarithmic cycles, from 500 to 666 times its value. Figure 4 shows the behavior of G (storage modulus) and G (loss modulus) as a function of frequency (ω) in GA/SP mixtures with 35 and 45% of GA containing 0, 1, 3, 4b and 4d ).
Viscoelastic Behavior
In dispersions containing only GA at 35% without SP, the viscose component was higher than in mixtures containing 1 and 3% SP, but lower than in mixtures containing 5 and 8% of SP, where the elastic component predominates (G > G ) (Fig. 4b ). However, in dispersions containing 45% GA, without SP (Fig. 4d) , the viscose component was higher than in the mixtures containing 1, 3, and 5% SP. Thus, as the GA concentration in the mixture increased, the antagonism became greater. As the frequency rises, starting at approximately 20 rad s -1 , the mixtures containing 35 and 45% GA (Figs. 4b and 4d ), showed a more elastic rather than viscose (G > G ) behavior, characteristic of macromolecular dissolutions. [29, 37] The exception was the GA/SP (15/8%) mixture, where the system was more viscose than elastic (G > G ). The observed behavior is probably the reflection of transition zones and may be explained in terms of the association of chains of biopolymer structures in dissolution, where a viscoelastic behavior in between the solid and the liquid type prevails, and where a transition from a macromolecular dissolution to a viscoelastic fluid occurs that is predominantly elastic and liquid in appearance, but shows greater elasticity. [37] [38] [39] Independently of the GA concentration, 15 and 25% (Figs. 3b and 3d ) or 35 and 45% (Figs. 4b and 4d ), at low oscillation frequencies most mixtures display a rheological behavior similar to a fluid where G > G . The "crossover" point in the curve representing G and G is located approximately between 15 and 20 rad s -1 , and at greater frequencies the behavior of the mixture was in fact similar to that of a solid where G > G .
The dynamic parameters of the GA/SP mixtures at the concentrations under study are shown in Table 2 ; the torque amplitude was between 0.086 and 3.465 mNm, and was higher with low SP content. In the majority of the studied mixtures, the elastic component (G ) was greater than the viscose component (G ), tan δ < 1, in mixtures of up to 5% of SP; i.e., they showed a rheological viscoelastic behavior predominantly elastic in character. In the control dispersions of GA without SP, the G values increased slightly (although statistically significant α = 0.05), from 145 to 150 Pa, as the concentration of GA increased and they were dependent on the frequency of G α ω 2.00-2.06 ; whereas the G values increased up to 157%, with values of 7 to 18 Pa, so that G > G and they were dependent on the frequency of G α ω 0.70-1. 20 . The values for the calculated exponents are those commonly presented by viscoelastic liquids. [12] In all the mixtures, values between 120 and 150 Pa were obtained for G and were dependent on the frequency of G α ω 2.00-2.05 , except for the GA/SP 15/8% mixture, whose G value was 63 and showed dependency on the frequency of G α ω 1.47 . The viscose component (G ) increased with rising SP concentration up to 5075% and frequency dependency was in the G α ω 0.72-1.12 interval. In accord with the exponent values, the mixtures manifested the structural behavior of liquid samples. [12] GA dispersions are Newtonian fluids, the presence of SP influences the rheological behavior of dispersions transforming non-Newtonian fluids (Table 1) , with increasing concentration of GA and SP evidently increases the viscosity; however, at higher concentrations of SP (5 and 8%, mainly) provides a change of G > G systems with G > G (Table 2) , indicating a strong inhibition or antagonism at higher concentrations of biopolymers.
Puppo et al. [34, 35] performed rheological studies of 10% (w/w) SP dispersions, applying different thermal and acidity treatments, as well as on SP and maize oil emulsions, and found that most studied samples showed an elastic behavior. Apichartsrangkoon [40] determined the viscoelastic behavior of SP and gluten mixtures reporting that in accordance with the present study, G > G , and that G showed dependency on any frequency exceeding that of G . Similar results were obtained in the present study when GA was mixed with SP at low concentrations showing a viscoelastic behavior predominantly elastic in character. Knowledge of viscosity and viscoelasticity, rheological behavior, of a mixture or complex systems, can be used to design foods with high concentrations of polysaccharides GA/SP = relationship gum arabic/soy protein; G = storage modulus; G = loss modulus; δ = phase angle. and proteins, and these results could also be used to determine the interaction between components.
CONCLUSIONS
The studied GA dispersions (15, 25 , and 35%) displayed Newtonian behavior, while 45% GA dispersions and SP dispersions of 1, 3, 5, and 8% showed non-Newtonian flow behavior of the shear thinning type. Most studied dispersions behaved predominantly as elastic systems (tan δ < 1), in virtue of the fact that G > G . Concerning dynamic behavior, an antagonistic effect was observed in the GA/SP mixtures, possibly due to polysaccharide-protein interactions between GA and SP, which were segregated type. G did not vary in the mixtures when protein was incorporated, while G was greatly modified. Results of this study will contribute to a better understanding of the interaction between proteins and polysaccharides in mixtures, antagonisms and synergisms in food, with possible applications in the food industry, such as food model systems, source of soluble fiber, and fat substitutes.
